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1
SYSTEM AND METHOD FOR PROVIDING
LIVE IMAGERY ASSOCIATED WITH MAP
LOCATIONS

BACKGROUND

Upon request, map data for a given location and associ-
ated imagery may be provided to a user. Such associated
imagery is typically captured by a vehicle-mounted camera
as the vehicle drives through the given location, and then
stored in a database. Because of the passage of time between
image capture and providing the image to the user, the
imagery may depict information that is irrelevant or out of
date. For example, the imagery may depict construction that
is no longer ongoing, or a business that is no longer
operational.

SUMMARY

Near real-time imagery of a given location may be
provided to user upon request. Most popularly viewed
geographic locations may be determined, and a 360 degree
image capture device may be positioned at such locations.
The image capture device may continually provide image
information, which is processed, for example, to remove
personal information and filter spam. Such image informa-
tion may then be provided to users upon request. Because
the image capture device continually captures multiple
views of the given location, the requesting user can select
which perspective to view.

One aspect of the disclosure provides a computer-imple-
mented method for providing live imagery to users upon
request. In this method one or more computing devices
receive live images of a geographical location from at least
one image capture device, and process the received live
images. Further, the one or more computing devices receive
a request for map data corresponding to the geographical
location, and provide the requested map data. The one or
more computing devices further receive a request for live
imagery corresponding to the requested map data, and
determine, based on the request for live imagery, a point of
view associated with the requested live images. The one or
more computing devices provide processed live images
corresponding to the determined point of view and the
requested map information. According to one example, the
one or more computing devices further determine geo-
graphical locations for which imagery is most often
requested by users, and the image capture device is posi-
tioned at the determined geographical location. The received
images may include a continuous 360 degree field of view
around the image capture device. Processing the received
live images may include detecting personal information,
such as human faces and license plate numbers, and blurring
the detected personal information. Alternatively or addition-
ally, processing the received images may include filtering
spam data.

Another aspect of the disclosure provides a system com-
prising at least one image capture device positioned at a
geographical location, and one or more processors in com-
munication with the image capture device. The one or
processors are programmed to receive live images of a
geographical location from at least one image capture
device, process the received live images, receive a request
for map data corresponding to the geographical location,
provide the requested map data, receive a request for live
imagery corresponding to the requested map data, deter-
mine, based on the request for live imagery, a point of view
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2

associated with the requested live images, and provide
processed live images corresponding to the determined point
of view and the requested map information.

Yet another aspect of the disclosure provides a non-
transitory computer-readable medium storing information
and instructions executable by a processor. When executed,
the instructions perform a method comprising receiving live
images of a geographical location from at least one image
capture device, processing the received live images, receiv-
ing a request for map data corresponding to the geographical
location, and providing the requested map data. This method
further includes receiving a request for live imagery corre-
sponding to the requested map data, determining, based on
the request for live imagery, a point of view associated with
the requested live images, and providing processed live
images corresponding to the determined point of view and
the requested map information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional diagram of a system in accordance
with aspects of the disclosure.

FIG. 2 is a pictorial diagram of the system of FIG. 1.

FIG. 3 is an example screen shot in accordance with
aspects of the disclosure.

FIG. 4 is another example screen shot in accordance with
aspects of the disclosure.

FIG. 5 is another example screen shot in accordance with
aspects of the disclosure.

FIG. 6 is a flow diagram of an example method in
accordance with aspects of the disclosure.

DETAILED DESCRIPTION
Overview

Upon request by a user, live imagery of a given location
may be provided to the user over the Internet in association
with map data for the given location. For example, an image
capture device may be positioned at the given location and
may continually provide imagery to one or more computing
devices. The one or more computing devices process the
imagery to, for example, remove personal information (e.g.,
faces and/or license plate numbers) and filter spam. A user
may request map data for the given location, and may also
request live imagery of the given location. In response to the
request, the one or more processors provide the processed
live images associated with the requested map data.

The image capture device may be, for example, a 360
degree video camera. In this regard, the image capture
device may continually capture a 360 degree field of view
around the image capture device. According to one example,
in requesting the live imagery, the user may specify a
viewpoint for the imagery. For example, the user may submit
directional information with the request for imagery, and in
response receive a segment of the captured imagery.

Positioning of the image capture device may be deter-
mined based on popularity. For example, the one or more
computing devices may determine for which geographical
locations the most requests for map data or imagery are
received. Image capture devices may be positioned at the
determined locations. Preferably, the image capture devices
are positioned so as to prevent tampering.

The processing performed on the captured images may be
automated. For example, the one or more processors may
automatically detect personal information, such as faces,
license plates, or other information. In response to detecting
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such information, the one or more processors blur or oth-
erwise obscure the information such that it is not provided
to a user in response to a request. Moreover, the one or more
processors may detect and filter spam. For example, it may
be determined that images from an unauthorized image
capture device or other unauthorized content are being
received in addition to or in place of approved images.
Accordingly, the unauthorized content and images may be
filtered.

Example System

FIGS. 1 and 2 include an example system 100 in which
the features described above may be implemented. It should
not be considered as limiting the scope of the disclosure or
usefulness of the features described herein. In this example,
system 100 can include one or more computing devices 110,
which may be connected to further computing devices 160
and 170 over a network 150.

Computing devices 110 can contain one or more proces-
sors 120, memory 130 and other components typically
present in general purpose computing devices. The memory
130 can store information accessible by the one or more
processors 120, including instructions 132 that can be
executed by the one or more processors 120.

Memory 130 can also include data 134 that can be
retrieved, manipulated or stored by the processor. The
memory can be of any non-transitory type capable of storing
information accessible by the processor, such as a hard-
drive, memory card, ROM, RAM, DVD, CD-ROM, write-
capable, and read-only memories.

The instructions 132 can be any set of instructions to be
executed directly, such as machine code, or indirectly, such
as scripts, by the one or more processors. In that regard, the
terms “instructions,” “application,” “steps™ and “programs”
can be used interchangeably herein. The instructions can be
stored in object code format for direct processing by a
processor, or in any other computing device language
including scripts or collections of independent source code
modules that are interpreted on demand or compiled in
advance. The instructions 132 can be executed to perform
operations such as detecting personal information in
received images, modifying the received images to blur or
obscure such information, or the like. The instructions 132
may also be executed to perform spam detection and filter-
ing. Functions, methods and routines of the instructions are
explained in more detail below.

Data 134 can be retrieved, stored or modified by the one
or more processors 120 in accordance with the instructions
132. For instance, although the subject matter described
herein is not limited by any particular data structure, the data
can be stored in computer registers, in a relational database
as a table having many different fields and records, or XML
documents. The data can also be formatted in any computing
device-readable format such as, but not limited to, binary
values, ASCII or Unicode. Moreover, the data can comprise
any information sufficient to identify the relevant informa-
tion, such as numbers, descriptive text, proprietary codes,
pointers, references to data stored in other memories such as
at other network locations, or information that is used by a
function to calculate the relevant data. According to one
example, the data may include map information for geo-
graphical locations. Moreover, the data 134 may include
information related to image capture device 190, such as an
identifier and location information.

The one or more processors 120 can be any conventional
processors, such as a commercially available CPU. Alter-
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natively, the processors can be dedicated components such
as an application specific integrated circuit (“ASIC”) or
other hardware-based processor. One or more of computing
devices 110 may include specialized hardware components
to perform specific computing processes, such as decoding
video, matching video frames with images, distorting vid-
eos, encoding distorted videos, etc. faster or more efficiently.

Although FIG. 1 functionally illustrates the processor,
memory, and other elements of computing device 110 as
being within the same block, the processor, computer, com-
puting device, or memory can actually comprise multiple
processors, computers, computing devices, or memories that
may or may not be stored within the same physical housing.
For instance, the memory can be a hard drive or other
storage media located in housings different from that of the
computing devices 110. As another example, various meth-
ods described below as involving a single component (e.g.,
processor 120) may involve a plurality of components (e.g.,
multiple computing devices distributed over a network of
computing devices, computers, “racks,” etc. as part of a
parallel or distributed implementation). Further, the various
functions performed by the embodiments may be executed
by different computing devices at different times as load is
shifted from among computing devices. Similarly, various
methods described below as involving different components
(e.g., device 110 and device 160) may involve a single
component (e.g., rather than device 160 performing a deter-
mination described below, device 160 may send the relevant
data to device 110 for processing and receive the results of
the determination for further processing or display). Accord-
ingly, references to a processor, computer, computing
device, or memory will be understood to include references
to a collection of processors, computers, computing devices,
or memories that may or may not operate in parallel. For
example, the computing devices 110 may include server
computing devices operating as a load-balanced server farm,
distributed system, etc. Yet further, although some functions
described below are indicated as taking place on a single
computing device having a single processor, various aspects
of the subject matter described herein can be implemented
by a plurality of computing devices, for example, commu-
nicating information over network 150.

Each of the computing devices 110 can be at different
nodes of the network 150 and capable of directly and
indirectly communicating with other nodes of network 150.
Although only a few computing devices are depicted in
FIGS. 1-2, it should be appreciated that a typical system can
include a large number of connected computing devices,
with each different computing device being at a different
node of the network 150. The network 150 and intervening
nodes described herein can be interconnected using various
protocols and systems, such that the network can be part of
the Internet, World Wide Web, specific intranets, wide area
networks, or local networks. The network can utilize stan-
dard communications protocols, such as Ethernet, WiFi and
HTTP, protocols that are proprietary to one or more com-
panies, and various combinations of the foregoing. Although
certain advantages are obtained when information is trans-
mitted or received as noted above, other aspects of the
subject matter described herein are not limited to any
particular manner of transmission of information.

As an example, each of the computing devices 110 may
include web servers capable of communicating with a stor-
age system 140, image capture device 190, and computing
devices 160, 170 via the network 150. For example, one or
more of server computing devices 110 may receive live
imagery from the image capture device 190 through the
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network 150, and may further transmit processed imagery to
the client devices 160, 170 using the network 150. As
another example, one or more of server computing devices
110 may use network 150 to transmit and present informa-
tion to a user, such as user 191, 192, on a display, such as
displays 165 of computing devices 160, 170. In this regard,
computing devices 160, 170 may be considered client com-
puting devices and may perform all or some of the features
described herein.

Each of the client computing devices 160, 170 may be
configured similarly to the server computing devices 110,
with one or more processors 162 and memory, including
data 163 and instructions 164 as described above. Each
client computing device 160, 170 may be a personal com-
puting device intended for use by a user 191, 192 and have
all of the components normally used in connection with a
personal computing device such as a central processing unit
(CPU), memory (e.g., RAM and internal hard drives) storing
data and instructions, a display 165 (e.g., a monitor having
a screen, a touch-screen, a projector, a television, or other
device that is operable to display information), and user
input device 166 (e.g., a mouse, keyboard, touch-screen or
microphone). The client computing device may also include
a camera 167 for recording video streams, speakers, a
network interface device, and all of the components used for
connecting these elements to one another.

Although the client computing devices 160, 170 may each
comprise a full-sized personal computing device, they may
alternatively comprise mobile computing devices capable of
wirelessly exchanging data with a server over a network
such as the Internet. By way of example only, client com-
puting device 160 may be a mobile phone or a device such
as a wireless-enabled PDA, a tablet PC, or a netbook that is
capable of obtaining information via the Internet. In another
example, client computing device 170 may be a head-
mounted computing system. As an example the user may
input information using a small keyboard, a keypad, micro-
phone, using visual signals with a camera, or a touch screen.

As with memory 114, storage system 140 can be of any
type of computerized storage capable of storing information
accessible by the server computing devices 110, such as a
hard-drive, memory card, ROM, RAM, DVD, CD-ROM,
write-capable, and read-only memories. In addition, storage
system 140 may include a distributed storage system where
data is stored on a plurality of different storage devices
which may be physically located at the same or different
geographic locations. Storage system 140 may be connected
to the computing devices via the network 150 as shown in
FIG. 1 and/or may be directly connected to any of the
computing devices 110, 160, 170.

Storage system 140 may store images and associated
information such as image identifiers, orientation, location
of the camera that captured the image, intrinsic camera
settings (such as focal length, zoom, etc.), depth informa-
tion, as well as references to other, target images. Storage
system 140 may also include information used for process-
ing live imagery received by the one or more servers 110
from the image capture device 190. For example, the storage
system 140 may include data associated with previously
identified spam, such that the data can be used to identify
and filter spam from the live imagery.

The image capture device 190 may be a camera, such as
a video camera, or any other device capable of capturing
images of a particular geographical location. According to
one example, the image capture device 190 is a 360 degree
video camera, which continually captures a 360 degree field
of view around itself. According to another example, mul-
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tiple image capture devices may be deployed at one geo-
graphical location. The image capture device may be posi-
tioned at the geographical location in such a way as to
prevent or mitigate potential tampering with it. According to
some examples, the image capture device 190 is positioned
at geographical locations selected based on popularity. For
example, the one or more computing devices 110 may
determine geographical locations for which map data and/or
imagery are most often requested by users, and image
capture devices 190 may be placed at those determined
locations.

Example Methods

Using the system described above, live imagery of geo-
graphical locations is provided to users upon request. The
live imagery may be received at the one or more server
computing devices from the image capture device and
processed, for example, to remove personal information,
such as faces and license plates numbers, and filter spam.
The live imagery can include 360 degree panoramas. Users
can request map data and imagery for the geographical
location, and receive the processed live imagery in response.
The users may also specify a particular point of view, and a
corresponding portion of the 360 degree panorama is pro-
vided.

FIG. 3 illustrates an example screenshot 300 providing
map information for a given geographical location corre-
sponding to an address entered in search field 310. The map
information includes, for example, a roadgraph 320. A place
marker 322 may indicate a position on the roadgraph 320
corresponding to the entered location. View option buttons
325, 335, 345, 355 are also provided, wherein each button
provides an option for a different representation of the
geographical location. For example, the map button 325 may
correspond to a roadgraph, such as the roadgraph 320. The
street button 335 may correspond to still imagery of the
geographical location taken from a perspective of someone
standing at street level. The satellite button 345 may corre-
spond to satellite imagery, showing a view of the geographi-
cal location from space. The live button 355 may correspond
to live imagery captured by an image capture device dedi-
cated to obtaining imagery of the specified geographical
location, such as the image capture device 190 (FIGS. 1-2).

FIG. 4 illustrates an example screenshot 400 illustrating
an example of the live imagery associated with the specified
geographical location and provided to the user. For example,
the geographical location corresponding to address 415 is
depicted by roadgraph 420, on which a position viewpoint
indicator 462 and a directional viewpoint indicator 464 is
placed. Live imagery appearing in viewing field 450 corre-
sponds to the address 415 and the roadgraph 420. The live
images may be viewed by the user, for example, by selecting
live view button 455 among option buttons 425, 435, 455.
The images provided in viewing field 450 may include a
portion of images actually captured and provided to the
server computing devices. For example, while the image
capture device positioned at the geographical location may
obtain images with a continuous 360 degree field of view,
only a segment of such field of view may be shown in
viewing field 450. That segment corresponds to a position
and direction of indicators 462, 464. According to other
examples, the full images captured, such as the entire 360
degree field of view panorama, may be provided to the user
in one or more viewing fields.

The position indicator 462 and directional indicator 464
may be manipulated by the user, for example, to receive
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images of a different viewpoint. FIG. 5 illustrates another
example screenshot providing live imagery corresponding to
a different view of the same geographical location as in FIG.
4. In particular, while position indicator 562 remains in the
same position as position indicator 462 (FIG. 4), directional
indicator 564 has been manipulated to point to a different
direction, such as towards North. Accordingly, the live
imagery provided in viewing field 550 shows a different area
of the geographical location. According to the example
where a 360 degree image capture device positioned at the
location is providing the images, the images shown in the
viewing field 550 may be another portion of the 360 degree
panorama. In this regard, the user may repeatedly request
different portions of the 360 degree frame. According to
some examples, because the imagery provided in the view-
ing field 550 is live, objects in the imagery may appear to be
moving. Moreover, the imagery may be continually updated
as new images are received.

The imagery provided in FIGS. 4-5 is processed by one or
more computing devices prior to being provided to users.
For example, personal information and spam may be
removed. As an example of removing personal information,
an automatic face detection and blurring operation may be
performed on the imagery. Similarly, license plate numbers
and other personal information may be detected and blurred
or otherwise obscured. As an example of spam filtering,
spam such as people putting their faces close up to the
camera or people holding up signs with slogans may be
present in the received images. Such spam may be detected,
for example, using face detection or text detection algo-
rithms. Detected spam may be blurred in the images or
obscured by a black box or other object. Thus, while the
imagery is described as being “live,” it should be understood
that the imagery may actually be subject to a small delay,
such as a few second to a few minutes. According to another
example, images including detected spam may not be sent to
users. For example, last available clean live imagery from
the given geographical location, which does not include
spam, can be provided. In some instances, such last available
clean images can be provided with a timestamp or note
indicating the delay.

According to one example, crowd-sourcing techniques
may be used as part of the spam detection and filtering
process. For example, users may submit reports identifying
spam included in the live imagery for a given location. In
response to receiving a predetermined number of reports for
the given location, the last available clean images may be
provided to users in place of the more recent images that
include spam.

FIG. 6 provides a flow diagram illustrating an example
method 600. The following operations do not have to be
performed in the precise order described below. Rather,
various steps can be handled in a different order or simul-
taneously. Steps can also be omitted unless otherwise stated.

In block 610, one or more computing devices receive live
images of a geographical location from at least one image
capture device. The at least one image capture device may
be, for example, a 360 camera that continually captures
images in directions all around a vertical axis. Such image
capture devices may be positioned at selected geographical
locations throughout the world. According to one example,
the geographical locations may be selected by determining
the locations for which imagery and/or map data is most
often requested by users.

In block 620, the received live images may be processed,
for example, to remove personal information and filter spam.
For example, the one or more server computing devices may
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automatically detect objects such as faces, license plates, etc.
Once detected, the received imagery may be modified to
obscure those objects. For example, the detected objects
may be blurred, covered, or the like. Spam may affect the
received images in various ways. For example, it may be
determined that images from an unauthorized image capture
device or other unauthorized content are being received in
addition to or in place of approved images. Such spam may
be automatically filtered using any of a number of tech-
niques.

In block 630, a request for map data corresponding to the
geographical location is received by the one or more com-
puting devices. For example, a user may enter an address,
point of interest, or other relevant information in a search
field of an interface. In response, the requested map data is
provided to the user (block 640). For example, an address
and/or a roadgraph or other depiction of the geographical
location may be provided.

In block 650, a request for live imagery corresponding to
the requested map data is received. For example, the user
may select an option to view live imagery from among
several other types of views. Further, the user may identify
in the request a specific area of the geographical location to
view. For example, the user may identify position and/or
directional information associated with the requested imag-
ery. Such information may be indicated by the user by
manipulating icons, entering text, providing speech com-
mands, navigating through a depiction of the location, or the
like.

In block 660, a point of view associated with the
requested live image is determined based on the request for
live imagery. For example, the one or more computing
devices may determine from information received from the
user which specific area of the geographical location the user
would like to see live.

In block 670, processed live images corresponding to the
determined point of view and the requested map information
are provided to the user. For example, a portion of the
captured 360 degree panorama may be to the user, wherein
the provided portion corresponds to the position and direc-
tion specified in the user’s request. According to another
example, the full 360 degree panorama may be provided in
one or more viewing fields. Because the imagery is con-
tinually captured, the imagery provided to the user may be
continually updated.

The above described features may be advantageous in that
they provide users with the most up to date information
regarding a specified location. For example, users can
become informed about weather, traffic, construction,
events, or other details associated with a geographic loca-
tion. Such information may be more reliable than other
sources of the same information, because the users can view
it first hand, regardless of their current location. Using such
information, users can make decisions about visiting the
geographic location, or just become better educated about it.

As these and other variations and combinations of the
features discussed above can be utilized without departing
from the subject matter defined by the claims, the foregoing
description of the embodiments should be taken by way of
illustration rather than by way of limitation of the subject
matter defined by the claims. As an example, the preceding
operations do not have to be performed in the precise order
described above. Rather, various steps can be handled in a
different order or simultaneously. Steps can also be omitted
unless otherwise stated. In addition, the provision of the
examples described herein, as well as clauses phrased as

29 ¢

“such as,” “including” and the like, should not be interpreted
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as limiting the subject matter of the claims to the specific
examples; rather, the examples are intended to illustrate only
one of many possible embodiments. Further, the same
reference numbers in different drawings can identify the
same or similar elements.

The invention claimed is:

1. A computer-implemented method comprising:

receiving, by one or more computing devices, live images

of a geographical location from at least one image
capture device, the received live images including a
360 degree field of view around the at least one image
capture device;

processing, by the one or more computing devices, the

received live images, wherein the processing includes
automatically detecting and obscuring personal infor-
mation from the received live images;

receiving, by the one or more computing devices, a

request for map data corresponding to the geographical
location;

providing, by the one or more computing devices, the

requested map data;

receiving, by the one or more computing devices, a

request for live imagery corresponding to the requested
map data;

determining, by the one or more computing devices and

based on the request for live imagery, a point of view
associated with the requested live images; and
providing, by the one or more computing devices, pro-
cessed live images corresponding to the determined
point of view and the requested map information.

2. The method of claim 1, further comprising:

determining, using the one or more computing devices,

geographical locations for which imagery is most often
requested by users; and

positioning the image capture device at the determined

geographical location.

3. The method of claim 1, wherein obscuring the detected
personal information comprises blurring the detected per-
sonal information.

4. The method of claim 3, wherein the personal informa-
tion includes at least one of human faces and license plate
numbers.

5. The method of claim 1, wherein processing the received
live images comprises filtering spam data.

6. The method of claim 1, wherein:

receiving the request for live imagery corresponding to

the requested map data includes receiving at least one
of position and direction information associated with
the requested imagery; and

determining the point of view associated with the

requested live images is based on the at least one of
position and direction information.

7. The method of claim 1, wherein the live images of the
geographical location are continually received from the at
least one image capture device and processed, and the
processed live images corresponding to the determined point
of view and requested map information are continually
updated.

8. A system comprising:

at least one image capture device positioned at a geo-

graphical location;

one or more processors in communication with the image

capture device, the one or processors programmed to:
receive live images of a geographical location from at
least one image capture device, the received live
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images including a 360 degree field of view around
the at least one image capture device;

process the received live images, wherein the process-
ing includes automatically detecting and obscuring
personal information from the received live images;

receive a request for map data corresponding to the
geographical location;

provide the requested map data;

receive a request for live imagery corresponding to the
requested map data;

determine, based on the request for live imagery, a
point of view associated with the requested live
images; and

provide processed live images corresponding to the
determined point of view and the requested map
information.

9. The system of claim 8, wherein the one or more
processors are further programmed to determine geographi-
cal locations for which imagery is most often requested by
users, and wherein the at least one image capture device is
positioned at the determined geographical location.

10. The system of claim 8, wherein obscuring the detected
personal information comprises blurring the detected per-
sonal information.

11. The system of claim 10, wherein the personal infor-
mation includes at least one of human faces and license plate
numbers.

12. The system of claim 8, wherein processing the
received live images comprises filtering spam data.

13. A non-transitory computer-readable medium storing
information and instructions executable by a processor for
performing a method of providing live imagery, the method
comprising:

receiving live images of a geographical location from at

least one image capture device, the received live
images including a 360 degree field of view around the
at least one image capture device;
processing the received live images, wherein the process-
ing includes automatically detecting and obscuring
personal information from the received live images;

receiving a request for map data corresponding to the
geographical location;

providing the requested map data;

receiving a request for live imagery corresponding to the

requested map data;
determining, based on the request for live imagery, a point
of view associated with the requested live images; and

providing processed live images corresponding to the
determined point of view and the requested map infor-
mation.

14. The non-transitory computer-readable medium of
claim 13, the method further comprising determining geo-
graphical locations for which imagery is most often
requested by users, wherein the image capture device is
positioned at the determined geographical location.

15. The non-transitory computer-readable medium of
claim 13, wherein obscuring the detected personal informa-
tion comprises blurring the detected personal information.

16. The non-transitory computer-readable medium of
claim 15, wherein the personal information includes human
faces and license plate numbers.

17. The non-transitory computer-readable medium of
claim 13, wherein processing the received live images
comprises filtering spam data.
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